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Abstract 
 The unusual (1:1) complex adduct salt of copper(II) with 4,5-dichlorophthalic acid 
(H2DCPA), having formula [Cu(H2O)4(HDCPA)(H2DCPA)] . HDCPA has been synthesized 
and characterized using single-crystal X-ray diffraction. Crystals are monoclinic, space group 
P21/c, with Z = 4 in a unit cell with dimensions a = 20.1376(7), b = 12.8408(4), c = 
12.1910(4) Å, β = 105.509(4)o. The complex is based on discrete tetragonally distorted 
octahedral [CuO6] coordination centres with the four water ligands occupying the square 
planar sites [Cu-O, 1.962(4)-1.987(4) Å] and the monodentate carboxyl-O donors of two 
DCPA ligand species in the axial sites. The first of these bonds [Cu-O, 2.341(4) Å] is with an 
oxygen of a HDCPA- anion, the second with an oxygen of a H2DCPA acid species [Cu-O, 
2.418(4) Å]. The un-coordinated “adduct” molecule is a HDCPA counter-anion which is 
 2
strongly hydrogen-bonded to the coordinated H2DCPA ligand [O… O, 2.503(6) Å] while a 
number of peripheral intra- and intermolecular hydrogen-bonding interactions give a two-
dimensional network structure.   
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Index Abstract 
The monomeric tetragonally distorted octahedral copper(II) complex with 4,5-
dichlorophthalic acid (DCPA),  has been characterized as [Cu(H2O)4 (HDCPA)(H2DCPA)] . 
HDCPA (1), a two-dimensional hydrogen-bonded network structure.  
  
INSERT A.  Figure of complex 1 for Index Abstract 




1.  Introduction 
 The aromatic dicarboxylic acid 4,5-dichlorophthalic acid (H2DCPA) has potential for 
metal coordination because of its stereochemically flexible carboxylic acid groups which 
through pH control may give both monoanionic HDCPA and dianionic DCPA ligand species.  
 
INSERT 1: Scheme 1:  
DCPACU1.cdx:    (H2DCPA, HDCPA and DCPA
  species) (in the DCPACU.ZIP file) 
                
                    4,5-dichlorophthalic acid and the 4,5-dichlorophthalate anion species 
 
As with phthalic acid, the presence of an intramolecular carboxylic acid -O-H…O hydrogen 
bond results in a discrete separation in pKa values (2.95, 5.41) which makes the monoanionic 
species the more common in the Lewis base salts of DCPA for which crystallographic 
characterizations have been reported. These include the 1:1 ammonium [1], 
tetramethylammonium [2] and tetrabutylammonium [1] salts, the 1:1 salt with 1,8-
bis(dimethylamino)naphthalene [3], as well as a series of salts with aliphatic and aromatic 
Lewis bases [4,5]. In all of these, the presence of hydrogen-bonding interactions largely 
results in one- and two-dimensional structures in which the carboxylic acid and carboxylate 
groups of the monoanion either extend into basic chain structures with the cations 
peripherally bound, or more commonly the two groups form a short intramolecular hydrogen 
bond giving an essentially planar DCPA monoanion species. However, despite these 
desirable stereochemical features of H2DCPA the structures of metal complexes with this 
ligand are rare in the literature and with copper(II), no examples are known. The only 
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example of a copper(II) complex with a similar ligand type is that with the analogous 
tetrahalo-substituted compound, 3,4,5,6-tetrachlorophthalic acid, but in the dianionic form, 
giving the coordination polymer, catena-(bis-µ2-tetrachlorophthalato-O,O’-)-hexaaqua-
dicopper(II) dihydrate clathrate [6]. A similar polymeric complex is found with the copper(II) 
complex with hydrogen phthalate [7] although the often reported monomeric copper(II) 
complex with the same species,  diaquabis(hydrogenphthalato-O,O’)copper(II) is 
significantly different [8]. 
Our 2:1 stoichiometric reaction of 4,5-dichlorophthalic acid with copper(II) acetate in 
aqueous ethanolic solution gave a low yield of small pale blue crystals which allowed the 
crystallographic characterization of the structure of this compound as [Cu(H2O)4 
(HDCPA)(H2DCPA)] . HDCPA (1), reported here. 
 
2. Experimental  
2.1 Synthesis    
 Compound 1 [Cu(H2O)4 (HDCPA
-)(H2DCPA)] . HDCPA
- (1) was synthesized by 
adding 0.47g (2 mmol) of 4,5-dichlorobenzene-1,2-dicarboxylic acid (4,5-dichlorophthalic 
acid, H2DCPA) to 50 mL of an aqueous solution containing 0.18g (1 mmol) of copper(II) 
acetate. The mixture was heated for ca. 10 min at 90o and the resultant hot-filtered solution 
was then allowed to partially evaporate at room temperature, giving after several weeks, 
small pale blue chemically stable prisms of 1. These were suitable for analysis using single-
crystal X-ray diffraction, giving the structure reported here.  
Anal. Found: C, 34.0; H, 2.0%; required for C24H18CuCl6O16: C, 34.3; H, 2.2%.  
 
2.2 X-ray structure determination 
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 X-ray diffraction data for compound 1 were collected at 297(2) K on an Oxford 
Diffraction Gemini S Ultra CCD-detector diffractometer by using monochromatized Mo Kα 
X-radiation (λ = 0.71073Å).  Programs used for the acquisition and reduction of intensity 
data using the Oxford Diffraction system were CrysAlis CCD and CrysAlis RED [9]), and for 
absorption, SADABS [10]. The structures were solved by direct methods and refined using 
full-matrix least-squares (SHELX 97 [11] within WinGX [12]), with anisotropic thermal 
parameters for all non-hydrogen atoms. Interactive hydrogen atoms were located by 
difference methods and their positional and isotropic thermal displacement parameters were 
refined. Aromatic ring H atoms were included in the refinement at calculated positions with 
coordinates riding (C-H = 0.93 Å) and isotropic U values set at 1.2Ueq for the attached C 
atom. Crystallographic data given in Table 1 while bond distances and angles about the metal 
coordination polyhedra are given in Table 2. Table 3 lists the hydrogen-bonding associations 
found in the structure of 1. 
 
3. Results and discussion 
3.1 The structural chemistry of Compound 1   
 The structure of the copper(II) complex with 4,5-dichlorophthalic acid, [Cu(H2O)4 
(HDCPA-)(H2DCPA)] . HDCPA
- (1) reported here, represents an unusual discrete complex 
adduct of H2DCPA. Figure 1 shows the common tetragonally distorted CuO6 octahedral 
stereochemistry about Cu, with the four water molecules occupying the square planar sites 
[Cu-O, 1.962(4)-1.987(4)Å] and the monodentate carboxylate-O donors of two DCPA ligand 
species in the axial sites (Table 2).  
 
INSERT 2:      Figure 1.  (An OPTEP plot with the atom numbering scheme) 
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      DCPACU1.TIF     (in the DCPACU.ZIP file) 
 
The first of these bonds [Cu1-O11B, 2.341(4)Å] is to an oxygen of a HDCPA- monoanion 
(B), the second to an oxygen of a H2DCPA acid species (A) [Cu1-O12A, 2.418(4)Å]. The un-
coordinated “adduct” molecule is a HDCPA- counter anion (C). It might have been 
considered from this stoichiometry that the complex formula should be [Cu(H2O)4(HDCPA
-
)2] . H2DCPA, i.e. with the two monoanion species coordinated and the “adduct” molecule a 
free acid. However, a close examination of the structural evidence, including Cu-O bond 
distances and intraligand bond distances and angles, as well as interspecies hydrogen-bonding 
associations, confirm the indicated structure, as follows: (a) As expected, the Cu1-
O11B(anion) bond distance [2.341(4) Å] is significantly shorter than the Cu1-O12A(acid) 
bond distance [2.418(4) Å]; (b) The carboxylic acid protons were located by difference 
electron density analyses and their positional and thermal parameters were refined; (c) The C-
O bond distances within the carboxyl groups clearly indicate in the A ligand the presence of a 
fully protonated form [C11A-O11A (hydroxyl), 1.323(7)Å; C11A-O12A(carbonyl), 
1.203(7)Å; C21A-O21A (hydroxyl), 1.313(6)Å; C21A-O22A(carbonyl), 1.211(7)Å], as 
distinct from the more equal distances in the coordinated B ligand [C11B-O11B, 1.251(6)Å; 
C11B-O12B, 1.261(7)Å]  and in the anionic C counter ion [C21C-O21C, 1.260(7)Å; C21C-
O22C, 1.245(6)Å]. These values are consistent with the general observations for carboxylic 
acids [13] and with the values found specifically within the carboxyl groups of the 1: 1 
proton-transfer compounds of H2DCPA [1-5]; (d) The counter-anion C has the same 
structural features as the common planar HDCPA- anions in the 1:1 salts of H2DCPA, 
particularly the short intramolecular carboxylic acid-O-H…Ocarboxyl hydrogen 
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bond.[2.404(5)Å], comparing with a typical value of 2.441(3)Å in the brucinium-HDCPA- 
salt [4].   
The presence of a number of intra- and intermolecular hydrogen-bonding associations  
(Table 3) stabilize the metal complex and anionic counter ion species giving a two- 
dimensional network structure (Fig. 2).  
 
INSERT 3: Figure 2:   (Hydrogen-bonding interactions in 1) 
     DCPACU2.TIF    (in the DCPACU.ZIP file) 
 
Among these interactions is a short hydrogen bond between  
the free carboxylic acid group of the A ligand and the carboxyl group of the counter-anion 
 [O21A-H21A…O22Cii, 2.503(6)Å: symmetry code (ii); x, -y + 3/2, z + 1/2], as well as a  
weak π-π aromatic ring associations between these two species [ring centroid separations,  
(C1A---C6A to C1C---C6C), 3.747(3)Å]. 
  
3.2 Conclusions 
 The monoanionic form of 4,5-dichlorophthalic acid has been shown to form a 
chemically stable, extensively hydrogen-bonded copper(II) complex, the first reported 
crystallographically characterized example involving this ligand. Furthermore, this 
determination has confirmed that the apparent free acid adduct molecule in this structure is in 
fact a hydrogen phthalate monoanion while the second coordinated ligand species is the 4,5-
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Appendix A. Supplementary material 
 CCDC 719987 contains the supplementary crystallographic data for 1. The data can be 
obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html or from the 
Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: 
(+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk. Supplementary data associated 
with this article can be found, in the online version, at doi:xxxx   
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Table 1. Crystallographic data for compound 1. 
CCDC reference 719987 
Formula C24H18 Cu Cl6O16 
Mr 838.62 
Crystal class monoclinic 
Space group P21/c 
a (Å) 20.1376(7) 
b (Å) 12.8408(4) 
c (Å) 12.1910(4) 
β (deg.) 105.509(4) 




λ(Mo Kα) (mm-1) 1.324 
Temp. (K) 298(2) 
2θmax  (deg.) 50 
Crystal size (mm) 0.30 x 0.20 x 0.15 
Total data 12524 
Collection range h  -23 to 23 
k  -13 to 15 
l   -14 to 14 
Unique data 5126 
Rint 0.073 
N [I >2.0σ(I)]  3707 
R1 * 0.065 
wR2 * 0.146 
S * 1.07 
A, B # 0.077, 0 
* R1 = (Σ |Fo| – |Fc| )/Σ|Fo|);   wR2 = {Σw[(Fo
2 – Fc
2)]2 / Σ [w(Fo
2)2]}½ ;   
S = {Σ [w(Fo
2 – Fc
2)2] / (n-p)}½; w = [σ2 (Fo
2) + (AP)2+ BP]-1) {where 
 P = [(max. Fo




Table 2. Bond distances (Å) and angles (o) about the coordination polyhedron for 1 
 
(a) distances                                    
               
 
 
(b) angles  
 
O1W-Cu1-O2W 90.77(16) O2W-Cu1-O12A 86.95(15) 
O1W-Cu1-O3W 175.63(17) O3W-Cu1-O4W 86.85(16) 
O1W-Cu1-O4W 89.43(16) O3W-Cu1-O11B 87.93(19) 
O1W-Cu1-O11B 90.55(14) O3W-Cu1-O12A 98.47(19) 
O1W-Cu1-O12A 83.46(15) O4W-Cu1-O11B 101.31(19) 
O2W-Cu1-O3W 93.24(16) O4W-Cu1-O12A 84.58(19) 
O2W-Cu1-O4W 171.5(2) O11B-Cu1-O12A 171.59(12) 
O2W-Cu1-O11B 87.24(15)   
 
Cu1-O1W 1.965(4) Cu1-O4W 1.974(4) 
Cu1-O2W 1.987(4) Cu1-O11B 2.341(4) 
 Cu1-O3W 1.962(4) Cu1-O12A 2.418(4) 
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Table 3. Hydrogen-bonding interactions (Å,o)in 1 
 
D           H          A              D - H        H...A      D...A         D - H...A     
 
O11A    H11A    O12Bi       0.85(8)    1.75(7)     2.594(5)   178(11)    
O12C    H12C    O21C       0.85(6)    1.55(6)     2.404(5)    179(14)        
O21A    H21A    O22Cii      0.85(9)    1.65(9)     2.503(6)    179(11)    
O22B    H22B    O11Bii       0.81(10)  1.82(10)   2.630(5)    180(13)    
O1W     H11W    O21Biii     0.80(6)    1.87(6)     2.674(6)    180(7)    
O1W     H12W    O21A      0.80(10)   2.43(11)   2.968(6)    125(8)     .    
O1W     H12W    O22A      0.80(10)   2.39(11)   3.190(5)    180(14)      
O2W     H21W    O11C       0.88(8)    1.89(9)      2.771(6)    174(9)      
O2W     H22W    O21Civ     0.84(12)  2.03(11)    2.821(6)    158(8)    
O3W     H31W    O12Bi      0.72(8)     2.26(7)      2.857(6)    142(6)    
O3W     H31W    O21Aii      0.72(8)    2.35(7)      2.889(7)    133(5)    
O3W     H32W    O12B       0.79(11)   2.07(12)     2.785(7)   151(10)      
O3W     H32W    O3Wi       0.79(11)    2.53(9)      3.091(6)   129(10)    
O4W     H41W    O22Aii       0.74(6)     2.08(6)      2.823(7)   180(8)    
O4W     H42W    O12Cv      0.80(11)   1.99(10)      2.770(6)   164(10)    
 
Symmetry codes: (i)  -x +1, -y + 1, -z + 2; (ii)  x, -y + 3/2, z + ½; (iii)  x, -y + 3/2, z - 1/2]; 




Figure 1.  Molecular configuration and atom numbering scheme for 1 with non-hydrogen 
atoms shown as a 40% probability ellipsoids[14]. Coordinated DCPA species are the 
monoanionic ligand (A) and the acid ligand (B), with the monoanionic counter ion (C).  
 
Figure 2. A view showing intraligand hydrogen-bonding interactions as well as hydrogen-
bond extensions involved in the three-dimensional framework structure of 1.. Non-interactive 
H-atoms are omitted. For symmetry codes, see Table 3. 
